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ABSTRACT 
ABSORPTION, TRANSLOCATION AND METABOLISM OF ISOXAFLUTOLE 
BY TOLERANT AND SUSCEPTIBLE PLANT SPECIES 
FEBRUARY 2001 
SANJAY KUSHWAHA, B.S. ALLAHABAD AGRICULTURAL INSTITUTE, 
ALLAHABAD, UTTAR PRADESH, INDIA 
M.S., ALLAHABAD AGRICULTURAL INSTITUTE, ALLAHABAD, UTTAR 
PRADESH, INDIA 
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Prasanta C. Bhowmik 
Experiments were conducted to study the extent of absorption, translocation and 
metabolism of ring labeled ^"^C-isoxaflutole [5-cyclopropyl-4-(2-methylsulphonyl-4- 
trifluromethyl benzoyl)isoxazole] in order to explain its differential response in velvetleaf 
{Abutilon theophrasti Medicus), yellow foxtail [Setaria lutescens (Weigel)], and two com 
{Zea mays L) hybrids. Seedlings were grown under controlled environment. Seedlings 
were harvested 3, 6, 12, 24, 48, 72, 96 and 120 hours after treatment (HAT) and sectioned 
into root, shoot/ stalk and leaves. 
Absorption of root applied radioactivity was 135.6 (120 HAT) and 230 (96 HAT) 
disintegration per minute (dpm) mg*^ fresh weight in velvetleaf and yellow foxtail, 
respectively. The translocation of root absorbed ^"^C-isoxaflutole to shoot was 83.6% (120 
HAT) in velvetleaf and 93% (72 HAT) in yellow foxtail. When applied to the yellow 
foxtail foliage, absorption was maximum 24 HAT and translocation of ^"^C-isoxaflutole 
from treated leaf to other plant parts reached its peak at 48 HAT (33.4%). 
VI 
Based on Rf values, applied radioactivity was partitioned into isoxaflutole (Rf = 0.91), 
diketonitrile metabolite (Rf = 0.62), unknown metabolite ‘A’ (Rf = 0.49) and benzoic 
acid (Rf = 0.29). Yellow foxtail had more benzoic acid content (21.08%) than the benzoic 
acid content (12.85%) in velvetleaf The active herbicide fraction (total of diketonitrile 
metabolite and unknown metabolite ‘A’) was more in velvetleaf (80.2%) than in yellow 
foxtail (69.9%). The presence of high level of active herbicide fraction in velvetleaf may 
explain its susceptibility to isoxaflutole. 
Absorption of root applied ’"’C-isoxaflutole was more in Pioneer-3751 com hybrid 
(52.1 dpm mg'^ fresh weight in 24 h) than in Pioneer-3394 com hybrid (37.5 dpm mg*^ 
fresh weight 24 h). However, absorption of‘"’C-isoxaflutole and its subsequent 
translocation from root to shoot reached its peak 96 HAT in two com hybrids. Both com 
hybrids were equally tolerant to isoxaflutole. Benzoic acid contents in the P-3394 and P- 
3751 (24.57 and 25.57%, respectively) were similar, while the active herbicide fraction 
was also similar (63.7% and 67.8%) in P-3394 and P-3751. 
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CHAPTER I 
ISOXAFLUTOLE - A CORN HERBICn>E 
Introduction 
Current weed control options 
Com {Zea mays L.) is one of the most important crops in the United States and 
contributes a large share of agricultural income. Wide row spacing, low plant density and 
slow initial com growth make it vulnerable to weed infestation. Successful com 
production relies heavily on weed management. It is estimated that competition from 
weeds may cause 30 to 90% com yield loss depending on the duration of weed 
interference, weed species, density, and environment (Hall et al. 1992). 
Soil applied herbicides have been a major tool for weed control in com and 
soybean [Glycine max (L.) Merr.] cropping systems for past several decades. Being a 
member of Gramineae family, com faces the greatest competition from monocotyledonous 
weeds (Young et al. 1983). Currently, there are many recommended com herbicides with 
different modes of action. For the last few decades, triazines have provided cost effective 
weed control in com resulting in their extensive uses in U.S. agriculture. 
In recent years, triazine use has led to growing environmental concern due to their 
persistence and mobility in the soil. Groundwater and drinking water contamination 
resulting from point source and non-point source contamination has increased 
environmental concern. 
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Other herbicides, such as 2,4-D [(2,4-dichlorophenoxy)acetic acid], dicamba (3,6- 
dichloro-o-anisic acid), bromoxynil (3,5-dibromo-4-hydroxybeiizonitrile) and bentazon [3- 
(l-methylethyl)-lH-2,l,3-bezothiadiazm-4(3H)-one2,2 dioxide] are used for broadleaf 
weed control in com. Bromoxynil and bentazon do not provide consistent, uniform and 
adequate control to several important broadleaf weeds in com (Knake et al. 1990). For 
postemergence control of weeds in com, acetolactate synthase (ALS) inhibiting herbicides 
have offered an attractive weed control options for many key weeds. However, in the 
recent past, rapid emergence of target-site resistance to sulfonylureas and other ALS 
inhibiting herbicides (imidazolinones, triazolopyrimidine sulfonanilides and pyrimidinyl 
thiobenzoates), is becoming a concern worldwide (Tonks and Westra 1997). 
Mode of action of isoxaflutole 
Isoxaflutole [5-cyclopropyl-4-(2-methylsulphonyl-4-trifluromethylbenzoyl) 
isoxazole] is a member of isoxazole class of herbicide (Cain et al, 1993) (Figure 1.1). It is 
a systemic preemergence herbicide. It causes bleaching in newly developed tissues of 
susceptible species followed by growth suspension and necrosis. In the plants it is rapidly 
converted to a diketonitrile derivative, [2-cyano-3-cyclopropyl-l-(2-methylsulphonyl-4- 
trifluoromethyl phenyl) propan-1, 3-dione] by opening of the isoxazole ring (Luscombe et 
al 1995). The diketonitrile derivative is the principal active compound and is a potent 
inhibitor of/?-hydroxyphenyl pyruvate dioxygenase (EC 1.13.11.27), an enzyme 
responsible for biosynthesis of homogentisate in plants. Homogentisate is the precursor of 
plastoquinone, which is the cofactor for phytoene desaturase enzyme responsible for the 
conversion of colorless phytoene to colored carotenoids (Luscombe et al 1995). In 
tolerant plant species diketonitrile is metabolized to an inactive benzoic acid derivative. 
Similar bleaching symptoms occur due to other carotenoid biosynthesis inhibitors 
such as norflurazon [4-chloro-5-(methylamino)-2-(3-(trifluoromethyl)phenyl)-3(2/0- 
pyridazinone], fluridone [l-methyl-3-phenyl-5-[3-(trifluoromethyl)phenyl]-4(l/^- 
pyridinone] and flurochloridone [l-(m-trifluoromethylphenyl)-3-chloro-4-chloromethyl-2- 
pyrrolidone]. These herbicides work via inhibition of phytoene desaturase enzyme 
involved in conversion of the colorless carotenoid precursor, phytoene into colored 
carotenoids (Sandman and Boger 1989). 
Absorption 
Differential response of specific dosage of a herbicide in different plant species has 
been an important subject for research. The factors determining the selectivity of these 
responses include, the extent to which the applied herbicide is absorbed by the plant, the 
ease of its movement in the plant, and the stability of parent compound in the plant. In 
order to enter the symplast, foliar applied herbicides have to traverse the cuticle and 
epidermal walls or the walls of stomatal chambers. Whereas, in the case of upward 
movement through roots, the herbicide molecules have to move through the cortex of root 
hairs to reach the xylem and its components (apoplast). Passive and active root 
absorption occurs, but most herbicide uptake is passive with water movement in apoplast. 
Active root absorption involves respiration energy, oxygen, entry in to the protoplast, and 
movement in the symplast. 
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Absorption of herbicides has been correlated to several factors. Concentration 
(Nandihalli and Bhowmik 1991), time (Mahonney and Penner 1975), temperature 
(Nandihalli and Bhowmik 1989 and 1991), light intensity (Vanstone and Stobbe 1979), 
stage of growth and plant parts (Nandihalli and Bhowmik 1989 and 1991) are important 
factors for absorption. Vanstone and Stobbe (1979) reported that herbicidal activity of 
foliar-applied oxyfluorfen [2-chloro-1 -(3-ethoxy-4-nitrophenoxy)-4-(trifluoromethyl) 
benzene] was dependent on light in buckwheat {Fagopyrum esculentum Moench.). 
Buckwheat was not injured when placed in the dark for up to four days after herbicide 
treatment. On the other hand, when these plants were exposed to the light, injury 
occurred, albeit more slowly than when plants were placed in light immediately after the 
treatment. Buckwheat injury due to oxyfluorfen increased as light intensity increased. 
Translocation 
Translocation of herbicides in the plant is another important factor for determining 
the selectivity. Translocation of foliar or soil applied herbicide to the site of action 
determines plant selectivity. Strang and Rogers (1974) examined the absorption and 
translocation of norflurazon in tolerant [cotton {Gossypium hirsutum L.)], and susceptible 
(soybean and com) plant species. 
Metabolism 
Differential metabolism of herbicides by susceptible and tolerant plant species 
results in herbicide selectivity in many plant species. Some of the important processes for 
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herbicide detoxification includes aryl hydroxilation, alkyl hydroxilation and glutathione 
conjugation. 
Main et al (1975) found a 200-fold selectivity margin for bentazon [3-(l- 
methylethyl)- (lH)-2,l,3-benzothiadiazin -4(3H)-one2,2-dioxide] between rice and 
Cyperus serotinus. This selectivity was attributed to rapid conversion of bentazon to 6- 
hydroxy bentazon in rice, followed by glucose conjugation. 
The formation of metabolite via aryl hydroxylation was found to be the basis for 
selectivity for diclofop-methyl [methyl (RS)-2-[4-(2,4-dichlorophenoxy)phenoxy] 
propionate] between tolerant cereals and susceptible grass weeds. The ester formulation 
of diclofop-methyl was first hydrolysed to give phytotoxic diclofop acid followed by 
inactivation due to hydroxylation of dichlorophenyl ring and subsequent glycosidation in 
resistant cereals (Gorbach et al 1977). In contrast, diclofop-methyl is converted to 
neutral glycosyl ester in susceptible oat (Avena sativa L.) and wild oat {A.fatua L.) 
(Shimabukuro et al 1979), to polar conjugates m Echinochloa crus-galli (Boldt and 
Putnam 1981) and in com (Gorecka et al 1981) which are still phytotoxic. 
Chlorsulfuron [2-chloro-N-[(4-methoxy-6-methyl-l,3,5-triazin-2-yl)amino] 
carbonyl] benzenesulfonamide] has been reported to have 4000-fold selectivity between 
cereals and susceptible weeds (Sweetser et al 1982). Young plants of the tolerant species 
such as wheat {Triticum aestivum L.), barley {Hordeum vulgare L.), wild oats and annual 
blue grass {Poa annua L.), oxidize chlorsulfuron to 5'-hydroxy derivative (phytotoxic - 
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ALS inhibitor) and subsequent accumulation as the 0-glucoside (non-phytotoxic) 
(Sweetser e/a/. 1982). 
Selectivity of s-triazines such as atrazine [6-chloro-A-ethyl-A^=-(l-methylethyl)- 
1,3,5-triazine-2,4-diamine] (Jensen e/a/. 1977), simazine [6-chloro-iV',A^=-dimethyl-1,3,5- 
triazine-2,4-diamine] (Akinyemiju et al 1983) is mainly attributed to A-dealkylation. 
Glutathione conjugation has also been reported to be an important step in plant selectivity. 
Glutathione iS-transferase is the key enzyme that is involved in the glutathione conjugation 
mechanism of atrazine detoxification in tolerant species such as sorghum (Lamoureux et 
al 1973). 
Spectrum of weed control 
Isoxaflutole is a systemic preemergence herbicide. At low dosages, it selectively 
controls broadleaf and grass weeds in com (Luscombe et al 1995; Bhowmik et al 1996) 
and sugarcane {Saccharum officinarum L) (Luscombe etal 1995). Isoxaflutole controls 
velvetleaf {Abutilon theophrasti Medicus), redroot pigweed {Amaranthus retrqflexus L.), 
common ragweed {Ambrosia artemisiifolia L.), common lambsquarters {Chenopodium 
album L.), Pennsylvania smartweed {Polygonum pensylvanicum L.), black nightsade 
{Solanum nigrum L.), large crabgrass [Digitaria sanguinalis (L.) Scop.], bamyardgrass 
[Echinochloa crus-galli (L.) Beauv.], fall panicum {Panicum dichotomiflorum Michx.), 
giant foxtail {Setariafaberi Herrm.), green foxtail [Setaria viridis (L). Beauv.], and 
yellow foxtail [Setaria lutescens (Weigel) Hubb.] (Bhowmik et al 1996; Stachecki et al. 
1997).The various weed species differed in their response to isoxaflutole rates. 
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The field selectivity of isoxaflutole in com and weed species may be attributed to 
differential absorption, translocation or metabolism of isoxaflutole. Limited information on 
absorption, movement and detoxification of isoxaflutole is available. The objective of the 
present investigation is to determine the selectivity of three plant species to isoxaflutole in 
relation to absorption, translocation, and metabolism. 
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Q SO2CH3 
Isoxaflutole 
V 
o o 
S02CH3 
Diketonitrile metabolite (DKN) 
SO2CH3 
COOH 
Benzoic acid metabolite 
Figure 1.1 Chemical structures of Isoxaflutole and its metabolites. 
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CHAPTER n 
ABSORPTION, TRANSLOCATION AND METABOLISM OF ISOXAFLUTOLE 
IN VELVETLEAF (Abutilon theophrasti) 
Abstract 
Velvetleaf {Abutilon theophrasti Medicus) is a sensitive weed species to 
isoxaflutole [5-cyclopropyl-4-(2-methyIsulphonyl-4-trifluromethylbenzoyl)isoxazole]. 
Experiments were conducted to study the extent of absorption, translocation and 
metabolism of isoxaflutole in velvetleaf in order to explain the species sensitivity. Ring 
labeled ^'^C-isoxaflutole was applied to roots of two true-leaf seedlings in half-strength 
Hoagland’s solution. Treated plants were harvested 3, 6, 12, 24, 48, 72, 96 and 120 hours 
after treatment (HAT). Radioactivity (dpm mg'^ fi-esh plant weight) increased from 10 to 
114 dpm, 10 to 22 dpm, and 21 to 136 dpm in shoot, root, and total plant, respectively, 
fi'om 3 to 120 HAT. Radioactivity in the cotyledons, first leaf, second leaf and stem 
increased until 120 HAT. Translocation of the root applied ^"^C-isoxaflutole to the shoot 
increased from 50% (3 HAT) to 84% (120 HAT). Thin layer chromatography of shoot 
extracts revealed significant metabolism of isoxaflutole. Based on Rf values, total applied 
radioactivity was partitioned into isoxaflutole, diketonitrile metabolite, unknown 
metabolite A and benzoic acid. The distribution was in the order of 3.4, 71.5, 12.1 and 
8.7% 72 HAT, and 1.4, 64.8, 12.1 and 17% 168 HAT, respectively. Most of the applied 
radioactivity resided in the form of diketonitrile metabolite (71.5%) in velvetleaf. This 
11 
selectivity in velvetleaf was attributed to high accumulation of diketonitrile metabolite 
compared to benzoic acid. 
Introduction 
Current weed control options 
For the last few decades, soil applied herbicides with different modes of action 
have provided cost effective weed control in com. Triazine is one of the important soil 
applied herbicide groups. In recent years, there is a growing environmental concern due to 
persistence and mobility of triazines in the soil. Repeated applications of high dosages of 
these herbicides over the years have not only resulted in adverse environmental impacts 
but also in the development of triazine resistance weeds. 
For postemergence control of weeds in com, acetolactate synthase (ALS) 
inhibiting herbicides have offered weed control options for many important weeds in com. 
However, rapid emergence of target-site resistance to sulfonylureas and other ALS 
inhibiting herbicides (imidazolinones, triazolopyrimidine sulfonanilides and pyrimidinyl 
thiobenzoates), is a concern to com producers worldwide (Tonks and Westra 1997). 
Isoxaflutole (5- cyclopropyl -4-(2-methylsulphonyl-4-trifluromethylbenzoyl) 
isoxazole) is a member of isoxazole family (Cain et al., 1993). It is a broad spectmm 
herbicide with a novel mode of action. Isoxaflutole is characterized by low use rate, high 
LDso value, a short soil half-life, low mammalian toxicity and relatively low water 
solubility which may minimize injury to non-target crops. 
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At low dosages, it selectively controls broadleaf and grass weeds in com 
(Luscombe et al 1995; Bhowmik et al 1996b) and sugarcane (Luscombe et al 1995). It 
is a systemic, preemergence herbicide with a wide spectmm action (Luscombe et al, 
1995). It has been reported to control broadleaf such as velvetleaf (Abutilon theophrasti 
Medicus), redroot pigweed {Amaranthus retroflexus L.), common ragweed {Ambrosia 
artemisiifolia L.), common lambsquarters {Chenopodium album L.), Pennsylvania 
smartweed {Polygonum pensylvanicum L.), black nightsade {Solanum nigrum L.), and, 
grass weeds such as large crabgrass [Digitaria sanguinalis (L.) Scop.], barnyard grass 
[Echinochloa crus-galli (L.) Beauv.], fall panicum {Panicum dichotomiflorum Michx.), 
giant foxtail {Setaria faberi Herrm.), green foxtail [Setaria viridis (L). Beauv.], yellow 
foxtail [Setaria lutescens (Weigel) Hubb.] (Bhowmik et al 1996 a and b; Stachecki et al. 
1997). The various weed species differed in their response to isoxaflutole. 
Isoxaflutole is benzoyl isoxazole. It is a systemic preemergence herbicide. In plants 
it is rapidly converted to a diketonitrile derivative, [2-cyano-3-cyclopropyl-1-(2- 
methylsulphonyl-4-trifluoromethylphenyl) propan-1, 3-dione] by opening of the isoxazole 
ring (Luscombe et al 1995). The diketonitrile derivative is likely the principal active 
compound and is a competitive inhibitor of/?-hydroxyphenyl pyruvate dioxygenase, an 
enzyme responsible for biosynthesis of homogentisate in plants. According to Luscombe et 
al (1995), homogentisate is the precursor of plastoquinone, which is the cofactor for 
phytoene desaturase enzyme responsible for the conversion of colorless phytoene to 
colored carotenoids. Lack of carotenoid synthesis causes bleaching in newly developed 
tissues of susceptible species followed by growth suspension and necrosis. In tolerant 
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plant species, diketonitrile is metabolized to an inactive benzoic acid derivative (Pallet et 
al 1998). 
Other carotenoid biosynthesis inhibitors such as norflurazon [4-chloro-5- 
(methylaniino)-2-(3-(trifluoromethyl)phenyl)-3(2/0-pyridazinone], fluridone [ 1 -methyl-3- 
phenyl-5-[3-(trifluoromethyl)phenyl]-4(l/0-pyridinone] and flurochloridone [l-(m- 
trifluoromethylphenyl)-3-chloro-4-chloromethyl-2-pyrrolidone] result in similar bleaching 
symptom. These herbicide works via inhibition of phytoene desaturase enzyme involved in 
conversion of the colorless carotenoid precursor, phytoene into colored carotenoids 
(Sandman and Boger 1989). 
Absorption 
Differential response of a herbicide is an important physiological phenomenon. The 
factors determining the selectivity of these responses include: the extent to which the 
applied herbicide is absorbed by the plant, the ease of its movement in the plant, and 
stability of parent compound in the plant. In order to enter the symplast, foliar applied 
herbicides have to traverse the cuticle and epidermal walls or the walls of stomatal 
chambers. For root applied herbicides, the herbicide molecules have to move through 
cortex of root hairs to reach xylem and its components (apoplast). Active root absorption 
involves respiration energy, oxygen, entry in protoplast, and movement in symplast. 
Absorption of herbicides has been correlated to time (Mahonney and Penner 
1975), stage of growth and plant parts that are involved in the absorption process 
(Nandihalli and Bhowmik 1989 and 1991). Vanstone and Stobbe (1979) reported that 
herbicidal activity of foliar-applied oxyfluorfen [2-chloro-l-(3-ethoxy-4-nitrophenoxy)-4- 
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(trifluoromethyl)benzene] was dependent on light in buckwheat {Fagopyrum esculentum 
Moench.). Buckwheat was not injured when placed in dark up-to four days after the 
herbicide treatment. On the other hand, when these plants were exposed to the light, 
injury occurred, albeit more slowly than when plants were placed in light immediately after 
the treatment. Buckwheat injury due to oxyfluorfen increased as light intensity increased. 
Translocation 
Translocation of herbicides in the plant is another important factor in determining 
plant selectivity. Selectivity is determined by how quickly and how much a parent 
herbicide molecule is translocated to the site of action. Strang and Rogers (1974) 
examined the absorption and translocation of norflurazon in tolerant [cotton {Gossypium 
hirsutum L.)], and susceptible [soybean {Glycine max (L.) Merr.) and com]. They found 
less translocation of ^'^C-norflurazon from roots to shoots in cotton {Gossypium hirsutum 
L.) than in soybean {Glycine max (L.) Merr.) and com. In another study, fluridone [1- 
methyl-3-phenyl-5-[3-(trifluoromethyl)phenyl]-4(l//)-pyridinone] was translocated readily 
from root to shoot in com, soybean and rice {Oryza sativa L.) (Berard et ah, 1978). 
Metabolism 
Differential metabolism of herbicides by susceptible and tolerant plant species is a 
common physiological phenomenon for herbicidal selectivity. Some of the important 
processes for herbicidal detoxification includes aryl hydroxilation, alkyl hydroxilation and 
glutathione conjugation. 
Main et ah (1975) found a 200-fold selectivity margin for bentazon [3-(l- 
methylethyl)- (lH)-2,l,3-benzothiadiazin -4(3H)-one2,2-dioxide] between rice and 
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Cyperus serotinus. This selectivity in rice was attributed to rapid conversion of bentazon 
to 6-hydroxy bentazon, followed by glucose conjugation. 
Chlorsulfuron [2-chloro-N-[(4-methoxy-6-methyl-l,3,5-triazin-2-yl)amino] 
carbonyl] benzenesulfonamide] has been reported to be selective between cereals and 
sensitive weeds (Sweetser et al 1982). Young plants of the tolerant species such as, 
wheat (Triticum aestivum L.), barley {Hordeum vulgare L.), wild oats and annual blue 
grass (Poa annua L.), oxidizes chlorsulfuron to 5-hydroxy derivative and subsequent 
accumulation as the 0-glucoside (non-phytotoxic) (Sweetser et al 1982). 
Lamoureux et al (1973) reported glutathione conjugation to be an important step 
in plant selectivity. Glutathione iS-transferase is the key enzyme that is involved in 
glutathione conjugation mechanism of atrazine detoxification in tolerant species such as 
sorghum (Sorghum vulgare). Whereas, atrazine tolerance of com is the function of 
glutathione conjugation, C-2 bchlorine hydrolysis, and A^-dealkylation. However, low 
glutathione iS-transferase activity caused atrazine susceptibility in corn-line GTl 12 
(Shimabukuro e/a/. 1971). 
Velvetleaf among broadleaf weeds has been reported to be one of the most 
susceptible species to isoxaflutole (Bhowmik et al, 1996b and 1999, Luscombe et al 1995, 
Stachecki, 1997, Vrabel 1996). Limited information on species selectivity due to 
isoxaflutole is available. Therefore the objective of present investigation was to examine 
the extent of absorption, translocation and metabolism of root applied isoxaflutole in 
velvetleaf 
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Materials and Methods 
Velvetleaf seeds were planted in vermiculite in plastic flats in a growth chamber 
(26 C, 15 h photoperiod, irradiance 650 pmol m*^s*^ photosynthetic photon flux, source of 
light was white fluorescent bulb and the relative humidity was 31±5 %). Seedlings were 
watered with half-strength Hoagland’s solution as needed to maintain healthy plant 
growth. Seedlings having 4 mm wide cotyledons were lifted and transferred to 26 ml 
translucent bottle containing half-strength Hoagland’s solution. Plants were allowed to 
grow until the 2“^ true leaf was 2 mm long. Treatment bottles were wrapped in aluminum 
foil. All seedlings were supported with a sponge. 
Phenyl ring labeled ^'‘C-isoxaflutole (specific activity of 1891 kBq mg'O was 
obtained from the Rhone Poulenc Agriculture Ltd., France from which a 0.5 ppm (26kbq) 
solution was prepared by adding the required quantity of technical grade isoxaflutole (99% 
purity). To avoid decay caused by the metal ions, all glassware coming into contact with 
isoxaflutole were rinsed with 1% hydrochloric acid followed by 1% ethylene diamine tetra 
acetic acid (EDTA) solution. Treatments were applied to roots in half-strength Hoagland’s 
solution in 26 ml bottles. The pH of the treatment solution was maintained at 6.5. 
Absorption and translocation 
Plants exposed to 0.5 ppm ^'‘C-isoxaflutole in half-strength Hoagland’s solution 
were aUowed to absorb the herbicide for 0, 3, 6, 12, 24, 48, 72, 96, and 120 hours after 
treatment (HAT). After harvesting, roots were washed thoroughly with distilled deionized 
water. Plants were sectioned into cotyledons, 1** leaf, 2"^ leaf, stem and roots, and weights 
of all plant sections were recorded. Plant sections were stored at -20 C till further study. 
17 
The radioactivity in the samples was estimated by liquid scintillation spectroscopy (LSS) 
(Beckman LS 1018) after oxidizing in a biological oxidizer (Harvey Instrument Co. model 
OX 400) and trapping the ^"^002 in Carbon-14 cocktail (Harvey Instrument Co.). 
Radioactivity was expressed as dpm mg*^ fresh weight. Herbicide absorption was reported 
as total radioactivity recovered from all plant sections (cotyledons, 1*^ leaf, 2^^ leaf, stem 
and roots) divided by total plant weight. Herbicide translocation was considered to be the 
radioactivity recovered from shoots divided by the total radioactivity absorbed and data 
are presented as a percent of total absorbed radioactivity. All radioactivity measurements 
were adjusted for quenching (the quenching factor was obtained from the curve based on 
the standard solution readings). 
Metabolism 
Velvetleaf seedlings were grown and treated with ^'‘C-isoxaflutole in the same 
manner as in the case of absorption study except that plants were sampled 72 and 168 
HAT. Treatment solution was prepared in a similar manner as the absorption study. Plants 
were harvested and roots were washed thoroughly with distilled deionized water. Plants 
were immediately sectioned into shoot and root, weighed and stored at -20 C. The 
extraction procedure for metabolites by Pallett et al (1998) was used. Shoots were 
homogenized in 100% acetone using biohomogenizer (Biospec prodects) and vacuum 
filtered. The extracts were concentrated to small volume using an air stream and 
centrifuged (2000g for 15 min). The extract was filtered using P5 filter paper (Fisher 
Scientific) and radioactivity in the residue was quantified by combustion followed by LSS. 
This procedure recovered >90% of the radioactivity (Table 2.1). The pH of the 
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supernatant was adjusted to less than or equal to 3.0 and partitioned with ethyl acetate 
(1:1, ethyl acetate:acetone). The resulting hydrous portions, if any, containing low levels 
of radioactivity, were discarded. Ethyl acetate fractions were dried using a gentle air 
stream and redissolved in 100 pi of ethyl acetate and was spotted on the 1000 pm silica 
gel pre-adsorbent thin layer chromatography (TLC) plates (Whatman Inc.). Spots were 
eluted using ethyl acetate;methanol:acetic acid (92:5:3) solvent system. The TLC plate 
was divided into sections of 0.25 cm size bands. Each band was scraped and combusted 
separately. ^'*C02 was trapped in Carbon-14 cocktail (Harvey Instrument Co.). 
Radioactivity was quantified by LSS. 
Each experiments was conducted in a randomized block design with four 
replications of each treatment and were repeated. Data were analyzed by analysis of 
variance (ANOVA) technique (95% significant levels). Appropriate mean separation 
technique was used to compare means. 
Results and Discussion 
Absorption and Translocation 
Total absorption of isoxaflutole increased from 21 to 136 dpm mg'^ total plant 
fresh weight ( x 6 fold ) over the period of 3 HAT to 120 HAT (Figure 2.1). During the 
same period, the radioactivity in the shoot increased from 10.3 to 113.6 dpm mg'* (x 11 
fold ), and from 10.3 to 22 ( x 2 fold ) dpm mg'* in root. This showed that as time 
progressed there was more accumulation of radioactivity in the shoot than in the root. The 
cotyledon retained maximum radioactivity as compared to 1** leaf and 2"^ leaf at all the 
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time intervals, indicating differences in rate of movement of isoxaflutole (Figure 2.3). 
Radioactivity in the 2“* leaf was least as compared to all other above ground plant parts, at 
all time intervals. Bleaching was noticed in the 1** leaf whereas the 2^ leaf was wilted 3 
HAT, indicating that younger leaf tissues of velvetleaf are more vulnerable to even the 
smallest amount of isoxaflutole. It supports the observation that velvetleaf is one of the 
plant species most susceptible to isoxaflutole (Bhowmik et al, 1996 a and b and 1999, 
Luscombe etal 1995, Stachecki, 1997, Vrabel 1996). It also supports the theory that 
isoxaflutole is most active on meristemetic tissue of young, actively growing foliage. 
Translocation of root absorbed radioactivity from root to shoot was 50% at 3 
HAT. However, maximum translocation (85%) was reached by 48 PIAT (Figure 2.2), 
suggesting isoxaflutole was readily absorbed. Cotyledons (oldest tissue) accumulated most 
radioactivity as compared to other younger plant sections. 
Metabolism of isoxaflutole 
The total radioactivity was separated into various metabolic component as 
determined by Rf values. They were identified as isoxaflutole (Rf = 0.91), diketonitrile 
metabolite (Rf = 0.62), an unknown metabolite A (Rf = 0.49), benzoic acid (Rf = 0.29) 
and unknown rest. The distribution of these metabolites were 3.4, 71.5, 12.1, 8.7 and 
4.4% at 72 HAT, and 1.4, 64.8, 12.1, 17 and 4.6% at 168 HAT, respectively (Table 2.1). 
It is important to note that the major portion of the radioactivity resided in diketonitrile 
(64.8 to 71.5%). The high proportion of diketonitrile metabolite accounts for 
susceptibility of velvetleaf. Luscombe et al (1995) reported diketonitrile derivative to be 
principal active compound for herbicidal action. Our data demonstrate that less conversion 
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of diketonitrile to benzoic acid may be one of the possible reasons for velvetleaf being 
susceptible to isoxaflutole. 
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treated was 6.4% 48 HAT. Radioactivity in the root was maximum 12 HAT (0.35 %). 
Maximum translocation (33.4%) from treated leaf to other plant part was recorded 48 
HAT. From the metabolism study of root applied isoxaflutole, total radioactivity was 
identified as isoxaflutole, diketonitrile metabolite, unknown metabolite A and benzoic acid, 
and the distribution was 4.6, 64.5, 7.3 and 17.9% (72 HAT) and 4.1, 55.8, 9.5 and 24.2% 
(168 HAT), respectively. The tolerance of yellow foxtail to isoxaflutole could be related 
to the less conversion of diketonitrile metabolite to benzoic acid. 
Introduction 
Current weed manaeement options 
Com {Zea mays L.) is one of the most important crops in the United States and 
contributes a large share of the income to agriculture. Wide row spacing, low plant density 
and slow initial crop growth makes it vulnerable to weed infestation. Successful com 
production relies heavily on proper weed management. It is estimated that competition 
from weeds may cause 30 to 90% com yield loss depending on the duration of weed 
interference, weed species, density, and environment (Hall et al, 1992). Being a member 
of Gramineae family, com faces the greatest competition from monocotyledonous weeds 
(Young e/a/., 1983). 
Soil applied herbicides have been a major tool for weed control in com and 
soybean [Glycine max (L.) Merr.] cropping systems for past several decades. Currently, 
there are many recommended com herbicides with different modes of action. For the last 
few decades, triazines have provided a cost effective weed control in com resulting in its 
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extensive use in U.S. agriculture. In recent years, there is a growing environmental 
concern due to persistence and mobility of triazines in the soil. 
Other herbicides such as 2,4-D [(2,4-dichlorophenoxy)acetic acid], dicamba (3,6- 
dichloro-o-anisic acid), bromoxynil (3,5-dibromo-4-hydroxybenzonitrile) and bentazon [3- 
(l-methylethyl)-lH-2,l,3-bezothiadiazin-4(3H)-one2,2 dioxide] are used for broadleaf 
weed control in com. Bromoxynil and bentazon do not provide consistent and adequate 
control to several important broadleaf weeds (Knake et al, 1990). For postemergence 
control of weeds in com, sulfonylureas and other acetolactate synthase (ALS) inhibiting 
herbicides (imidazolinones, triazolopyrimidine sulfonanilides and pyrimidinyl 
thiobenzoates) have offered an attractive weed control option for many key weeds in com. 
However, in the recent past, rapid emergence of target-site resistance to sulfonylureas and 
other ALS inhibiting herbicides is becoming a concern to worldwide farmers (Tonks and 
Westra 1997). 
Characteristic of isoxaflutole 
Isoxaflutole (5- cyclopropyl -4-(2-methylsulphonyl-4-trifluromethylbenzoyl) 
isoxazole) is a member of isoxazole family (Cain et al, 1993). It is a systemic, 
preemergence herbicide with a broad spectrum weed control (Luscombe et ciL, 1995). 
Isoxaflutole is characterized by low use rate, high LD50 value, a short soil half life, low 
mammalian toxicity and relatively low water solubility. 
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spectrum of weed control with isoxaflutole 
At low dosages, it selectively controls broadleaf and grass weeds in com 
(Luscombe e/a/., 1995; Bhowmik etal, 1996b) and sugarcane (Luscombe etal, 
1995). It has been reported to control broadleaf weeds such as velvetleaf {Abutilon 
theophrasti Medicus), redroot pigweed {Amaranthus retroflexus L.), common ragweed 
{Ambrosia artemisiifolia L.), common lambsquarters {Chenopodium album L.), 
Pennsylvania smartweed {Polygomim pensylvanicum L.), black nightsade {Solanum 
nigrum L.) (Bhowmik et al,. 1996a and Sprague, 1997). It also controls grass weeds 
such as large crabgrass [Digitaria sanguinalis (L.) Scop.], barnyard grass [Echinochloa 
crus-galli (L.) Beauv.], fall panicum {Panicum dichotomiflorum Michx.), giant foxtail 
(Setariafaberi Herrm.), green foxtail [Setaria viridis (L). Beauv.], yellow foxtail [Setaria 
lutescens (Weigel) Hubb.] (Bhowmik et al., 1996a and 1999; Stachecki et al, 
1997).The various weed species differed in their response to isoxaflutole rates (Bhowmik 
et al. 1999, Pallett etal 1998, Sprague et al. 1999a and b). 
Mode of action of Isoxaflutole 
Isoxaflutole is chemically benzoyl isoxazole. In plant, it is rapidly converted to a 
diketonitrile derivative, [2-cyano-3-cyclopropyl-1 -(2-methylsulphonyl-4- 
trifluoromethylphenyl) propan-1, 3-dione] by opening of the isoxazole ring (Luscombe et 
al, 1995). Diketonitrile derivative is the principal active compound and is a competitive 
inhibitor of/7-hydroxyphenyl pyruvate dioxygenase, found in the thylakoid membrane an 
enzyme responsible for oxidative decarboxylation of 4- hydroxy phenylpymvate to 2, 5- 
dihydroxy phenylacetic acid (homogentisate) in plants (Pallett et al, 1998). The 
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conversion of 4 hydroxyphenyl pyruvic acid into dihydroxy phyenyacetic acid formally 
requires two oxidation steps, a hydroxylation reaction at the ring and an oxidative 
decarboxylation (Loffelhardt and kindl, 1979). Lee etal, (1997) reported that 
diketonitrile, a triketone, binds to the same part of the active site of the enzyme as the 
substrate /?-hydroxyphenylpyruvate. Homogentisate is the precursor of plastoquinone, 
which is the cofactor for phytoene desaturase enzyme responsible for the conversion of 
colorless phytoene to colored carotenoids (Luscombe et al, 1995). Lack of carotenoid 
synthesis causes bleaching in newly developed tissues of susceptible species followed by 
growth suspension and necrosis. 
Similar bleaching symptoms are produced by various other carotenoid biosynthesis 
inhibitors such as norflurazon [4-chloro-5-(methylamino)-2-(3-(trifluoromethyl)phenyl)- 
3(2//)-pyridazinone], fluridone [ 1 -methyl-3-phenyl-5-[3-(trifluoromethyl)phenyl]-4( 17/)- 
pyridinone] and flurochloridone [l-(m-trifluoromethylphenyl)-3-chloro-4-chloromethyl-2- 
pyrrolidone]. These herbicide work via inhibition of phytoene desaturase enzyme involved 
in conversion of the colorless carotenoid precursor, phytoene into colored carotenoids 
(Sandman and Boger 1989). 
Absorption 
Differential response of a herbicide to different plant species may be related to 
absorption. The factors determining the selectivity of these responses include the extent to 
which the applied herbicide is absorbed by the plant, the ease of its movement in the plant, 
and stability of the parent compound in the plant. In order to enter the symplast, foliar 
applied herbicides have to traverse the cuticle and epidermal walls or the walls of stomatal 
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chambers. Whereas, the root applied herbicides have to move through root hairs to reach 
xylem and its components. Although both passive and active root absorption occurs, 
absorption of most herbicide is passive along with water movement in the xylem. 
Absorption of herbicides has been correlated to time (Mahonney and Penner 
1975), growth stage and plant parts that are involved in the absorption process (Nandihalli 
and Bhowmik 1989 and 1991). Vanstone and Stobbe (1979) reported that herbicidal 
activity of foliar-applied oxyfluorfen [2-chloro-l-(3-ethoxy-4-nitrophenoxy)-4- 
(trifluoromethyl)benzene] in buckwheat {Fagopyrum esculentum Moench.) was dependent 
on light. Buckwheat was not injured when placed in dark up to four days after the 
herbicide treatment. On the other hand, when these plants were exposed to the light, 
injury occurred, albeit more slowly than when plants were placed in light immediately after 
the treatment. Buckwheat injury due to oxyfluorfen increased as light intensity increased. 
Translocation 
Translocation of herbicides in the plant is another important factor that may 
determine species selectivity. How quickly and how much a parent herbicide molecule is 
translocated to sites of action may be a determining factor for selectivity. Strang and 
Rogers (1974) examined the absorption and translocation of norflurazon in tolerant cotton 
{Gos^ium hirsutum L.), and susceptible soybean {Glycine max (L.) Merr.) and com. 
plant species. They found less translocation of *‘*C-norflurazon from roots to shoots in 
cotton than in soybeans and com. In contrast, Berard et al., (1978) reported that 
fluridone was translocated readily from root to shoot in com, soybean and rice {Oryza 
sativa L.). 
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Metabolism 
Differential metabolism of herbicides by susceptible and tolerant plant species plays 
a significant role in plant selectivity. Some of the important processes for herbicidal 
metabolism processes include aryl hydroxilation, alkyl hydroxilation and glutathione 
conjugation. 
Main et al., (1975) found a 200-fold selectivity margin for bentazon [3-(l- 
methylethyl)- (lH)-2,l,3-benzothiadiazin -4(3H)-one2,2-dioxide] between rice and 
Cyperus serotinus. This selectivity was attributed to rapid conversion of bentazon to 6- 
hydroxy bentazon in rice, followed by glucose conjugation. 
The formation of metabolite via aryl hydroxylation was found to be the basis for 
selectivity for diclofop-methyl [methyl (RS)-2-[4-(2,4-dichlorophenoxy) phenoxy] 
propionate] between tolerant cereals and susceptible grass weeds. The ester formulation 
of diclofop-methyl was first hydrolyzed to phytotoxic diclofop acid followed by 
inactivation due to hydroxylation of dichlorophenyl ring and subsequent glycosidation in 
tolerant cereals (Gorbach et al, 1977). In contrast, diclofop-methyl is converted to 
neutral glycosyl ester in susceptible oat (Avena sativa L.) and wild oat (A.fatua L.) 
(Shimabukuro et al, 1979), and Echinochloa crus-galli (Boldt and Putnam 1981). 
Chlorsulfliron [2-chloro-N-[(4-methoxy-6-methyl-1,3,5-triazin-2-yl)amino] 
carbonyl] benzenesulfonamide] has been reported to have 4000-fold selectivity between 
tolerant cereals and sensitive weeds (Sweetser et al, 1982). Young plants of the tolerant 
species, such as wheat {Triticum aestivum L.), barley {Hordeum vulgare L.), wild oats and 
annual blue grass (Poa annua L.), oxidise chlorsulfliron to 5’-hydroxy derivative 
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(phytotoxic) and subsequent accumulation of 0-glucoside (non-phytotoxic) (Sweetser et 
al, 1982). 
Isoxaflutole selectively controls both grass and broadleaf weeds in com (Bhowmik 
et al, 1996 and 1999, and Vrabel 1996). Limited information on absorption, translocation 
and metabolism of isoxaflutole by plant species is available. The objective of the present 
investigation was to determine the basis of isoxaflutole selectivity in relation to its 
absorption, translocation and metabolism by yellow foxtail. 
Materials and Methods 
Yellow foxtail seeds were planted in vermiculite in plastic flats in a growth 
chamber (26 C, 15 h photoperiod, irradiance 650 Tmol m‘^s’^ photosynthetic photon flux). 
The source of light was white fluorescent bulb and the relative humidity was 31 ± 5%. 
Seedlings were watered with half-strength Hoagland’s solution as necessary to maintain 
normal plant growth until the seedlings had 2^ leaf Unifom seedlings at the same growth 
stage were lifted and transferred to 20 ml bottle, containing half-strength Hoagland’s 
solution. Plants were grown until the 3-leaf stage. All seedlings were supported with a 
sponge. 
Phenyl ring labeled ^"^C-isoxaflutole (specific activity of 1891 kBq mg ’) was used 
in this study. A 0.5 ppm (26 kBq) solution was prepared by adding the required quantity 
of technical grade isoxaflutole (99% purity). Treatments were applied in half-strength 
Hoagland’s solution contained in 26 ml translucent bottles. 
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Absorption and translocation of isoxaflutole 
Root study 
After exposure to radiolabelled solution, plants were harvested 0, 3, 6, 12, 24, 48, 
72, 96, and 120 HAT. After harvesting, roots were washed thoroughly with distilled 
deionized water. Plants were then sectioned into r‘ leaf, 2^ leaf, 3"* leaf, 4*** leaf, stalk and 
roots, weight recorded, and stored at -20 C until further studies. The radioactivity in each 
sample was estimated by liquid scintillation spectrometry (LSS) (Beckman LS 1018) after 
oxidizing in a biological oxidizer (Harvey Instrument Co. model OX 400) and trapping the 
^^^€02 in C-14 cocktail (Harvey Instrument Co.). Radioactivity was expressed as dpm mg’* 
plant fresh weight. 
Foliar study 
Yellow foxtail seedlings were sprayed with 105 g ha’* rate of isoxaflutole in 360 L 
ha’* at 150 kPa before the application of radiolabelled isoxaflutole in order to simulate the 
field application. Four 0.2 pi droplets containing a total of 9.3 x 10^ kBq was applied to 
the center of the adaxial surface of the second true leaf of three-leaf yellow foxtail. 
Seedlings were allowed to absorb *'*C-isoxaflutole for 0, 3, 6, 12, 24, 48, 72, 96, and 120 
HAT. The treated leaf from each seedling was cut at the collar. The remaining plant was 
sectioned into leaves above treated leaf, leaves below treated leaf and root. Unabsorbed 
^^C- isoxaflutole was removed by gently swirling the treated leaf in a 20 ml high-density 
polyethylene scintillation vial containing 2 ml 80% methanol solution for 15 s. Treated 
leaves were then rinsed with two 1 ml aliquots of washoff solution as they were removed 
from the scintillation vial. This washoff procedure removed 99% of the applied *^C- 
36 
isoxaflutole in preliminary studies (data not presented). One ml aliquot form washoflf 
combination was added to 12 ml of scintillation cocktail and unabsorbed radioactivity was 
determined by LSS. 
All plant parts were combusted in a biological oxidizer and ^"^002 was trapped in 
14-C cocktail and radioactivity was determined by LSS. The total radioactivity applied 
was considered to be the sum of radioactivity recovered from all plant parts (treated leaf, 
leaves below treated leaf, leaf above treated leaf and roots) plus the radioactivity 
recovered from the leaf washes. Data are expOressed as a percent of applied isoxaflutole, 
where percent absorbed = [(total recovered)/(total applied)] x 100. Herbicide 
translocation was considered to be the radioactivity recovered from leaves below treated 
leaf, leaves above treated leaf and roots divided by the total radioactivity absorbed by each 
plant at particular time intervals. All radioactivity measurements were adjusted for 
quenching (the quenching factor was obtained from the curve based on the standard 
solution readings). 
Metabolism of isoxaflutole 
Yellow foxtail seedlings were grown and treated with ^'‘C-isoxaflutole in the same 
manner as in the case of absorption study except that seedlings were sampled at 72 and 
168 HAT. Plants were harvested and root samples were washed thoroughly with distilled 
deionized water. Plants were immediately sectioned into shoot and root, weighed and 
stored at -20 C. Extraction procedure for metabolite studies was similar to the method 
used by Pallett etal, (1998). 
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Shoots were homogenized using 100% acetone and vacuum filtered. The extracts 
were concentrated to small volume using an air stream and centrifuged (2000g for 15 
min). Extract was filtered and radioactivity in the residue was quantified by combustion 
followed by LSS. This procedure yielded 90% recovery of the total radioaaivity fi-om the 
shoots. The pH of the supernatant was adjusted to less than or equal to 3.0 followed by 
partitioning with ethylacetate. The resulting hydrous portions, which contained low levels 
of radioactivity, were discarded. Ethyl acetate fractions were concentrated to 100 pi using 
gentle air stream. Eighty pi of aliquot was spotted on the 1000 pm silica gel pre-adsorbent 
thin layer chromatography (TLC) plates (Whatman Inc.). Spots were eluted using 92:5:3 
ethyl acetate:methanol:acetic acid solvent system. The TLC plate was divided into sections 
of 0.25 cm size bands. Each band was scraped, collected and combusted separately. ^"^€02 
was trapped in Carbon-14 cocktail (Harvey Instrument Co.). Radioactivity was quantified 
by the LSS. 
Each experiment was conducted in a randomized block design with four 
replications of each treatment and was repeated. Data were analyzed by analysis of 
variance (ANOVA) technique (95% significant levels). Appropriate mean separation 
techniques were applied to separate the means. 
Results and Discussion 
Absorption and translocation of isoxaflutole 
Root study 
Absorption of ^^C-isoxaflutole in yellow foxtail (whole plant) was 24 dpm mg*^ 
fresh weight at 3 HAT and inaeased to 230 dpm mg'' fresh weight by 96 HAT (Figure 
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3.1). In the root, maximum radioactivity (14 dpm mg’* fresh weight) was found 12 HAT. 
At 12 HAT the entire radioactivity absorbed by yellow foxtail roots was translocated to 
the shoot. The oldest leaf (first leaf) accumulated least radioactivity (Figure 3.3). The 
second leaf registered maximum radioactivity at 72 HAT (34 dpm mg’* fresh weight). The 
third leaf accumulated maximum radioactivity until 72 HAT. Radioactivity in the fourth 
leaf was maximum 120 HAT. Translocation of root absorbed ^'^C-isoxaflutole was 65% at 
3 HAT, reached the maximum (93%) 72 HAT, and the radioactivity remained constant 
until 120 HAT (Figure 3.2). 
Foliar study 
Foliar absorption of ^'^C-isoxaflutole was 30.7% at 3 HAT (Figure 3.4). The 
maximum absorption was 12 HAT (61.43%) and reached its peak 72 HAT followed by 
slight reduction in absorption 96 HAT (56.68%). Sparague etal, (1999) also reported 
maximum absorption of ^'^C-isoxaflutole by 12 HAT in com at the spike and 2-leaf stage. 
Treated leaf retained maximum radioactivity (Figure 3.5). Leaves below the treated leaf 
contained maximum radioactivity 12 HAT (13.04%) and 48 HAT (15.55%) with slight 
reduction 24 HAT (11.91%). Afterwards there was reduction (1.42% at 120 HAT) in 
radioactivity accumulation in the leaves below treated leaves. Radioactivity in leaves 
above the treated leaf reached the maximum by 48 HAT (6.41%) and 120 HAT (8.46%). 
The root contained the least radioactivity. At 12 HAT, a maximum radioactivity of 0.35 
dpm mg’* fresh weight was recorded. 
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Maximum translocation (33.4%) was recorded by 48 HAT (Figure 3.6) followed 
by 7.79% and 5.25% at 72 and 96 HAT, respectively. There was slight increase in 
translocation at 120 HAT (14.94%). 
Metabolism of isoxaflutole 
Seedlings were harvested 72 and 168 HAT. After 72 h treatment a set of plants 
was transferred to herbicide free solution further for four days. The total radioactivity was 
identified as isoxaflutole (Rf = 0.91), diketonitrile metabolite (Rf = 0.62), unknown 
metabolite A (Rf = 0.49) and benzoic acid (Rf = 0.29). Less than 5% of applied ^'^C- 
isoxaflutole remained as parent herbicide 72 and 168 HAT (Table 3.1). Sprague et al, 
(1999) reported less than 10% isoxaflutole remaining at 72 and 168 HAT on the basis of 8 
h pulse treatment. Conversion of isoxaflutole to diketonitrile might have taken place either 
in the plant immediately after absorption (Pallett et al, 1998) or in the hydroponic 
solution (Sprague etal,, 1999). 
At both time intervals, maximum radioactivity was accumulated in the form of 
diketonitrile derivative (64.5 and 55.8% at 72 BL\T and 168 HAT, respectively) followed 
by benzoic acid metabolite (17.9 and 24.2% 72 and 168 HAT, respectively). Similarly, 
Pallett et al, (1998) reported 77 and 57% diketonitrile derivative and 12 and 31% 
benzoic acid at 24 and 168 HAT, respectively, in moderately susceptible Ipomoea spp. We 
also found an unknown metabolite ‘A’ in yellow foxtail and this metabolite recorded 7.3 
and 9.5% at 72 and 168 HAT, respectively. 
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Our study suggests increased conversion of diketonitrile to benzoic acid as evident 
by higher proportion of benzoic acid. This pattern of metabolism resulted in lower 
proportion of diketonitrile metabolite in yellow foxtail, indicating an increased metabolism 
of isoxaflutole. This may be one of the possible factors for yellow foxtail tolerance to 
isoxaflutole. 
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CHAPTER IV 
DIFFERENTIAL TOLERANCE OF CORN HYDRIDES TO ISOXAFLUTOLE 
Abstract 
Com is tolerant to isoxaflutole [5-cyclopropyl-4-(2-methylsulphonyl-4- 
trifluromethyl benzoyl)isoxazole]. Experiments were conducted to study physiological 
basis for the tolerance of two com hybrids, ‘Pioneer-375 T (‘P-3751’) and ‘Pioneer 3394’ 
(‘P-3394’) to isoxaflutole. Ring labeled ^'^C-isoxaflutole was applied to half-strength 
Hoagland’s solution. Plants were allowed to absorb radiolabelled material for 3, 6, 12, 24, 
48, 72, 96 and 120 h. Plants were sectioned into first leaf, second leaf, third leaf, leaf 
sheath and root. In ‘P-3751’ com total shoot radioactivity increased from 2.4 to 58.5 (3 to 
96 HAT) disintegration per minute (dpm) mg*^ fresh weight whereas in ‘P-3394’, it 
increased fi'om 1.5 to 60.8 (3 to 96 HAT) dpm mg ^ fresh weight. Total plant radioactivity 
increasedfi-om 19.0to 77.6 (3 to 96HAT) and 16.2 to 77.3 (3 to 96HAT) dpmmg^ 
fresh weight in ‘P-3751’ and ‘P-3394’, respectively. In the root, radioactivity increased 
fi-om 16.6 to 21.2 (‘P-3751’) and 14.6 to 20.2 (‘P-3394’) dpm mg'^ fresh weight over the 
period of 3 to 6 HAT. The maximum radioactivity in the first leaf, second leaf, third leaf 
and leaf sheath reached by 48, 96, 120 and 48 HAT, respectively, in both ‘P-3751’ and ‘P- 
3394’. Translocation of ^'^C-isoxaflutole from root to shoot reached the maximum by 96 
HAT (75.3 and 83.2%) in both the com hybrids. From the metabolism study of root 
applied isoxaflutole, total radioactivity was identified as isoxaflutole, diketonitrile 
metabolite and benzoic acid, and the distribution was 6.3, 73.7 and 14.7% at 72 HAT and 
8.3, 49.3 and 36.5 % at 168 HAT, respectively in ‘P-3751’ and 4.28, 75.3 and 14.4% at 
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72 HAT and 4.6, 55.2 and 34.7% at 168 HAT in ‘P-3394’. Tolerance of two com hybrids 
could be related to higher conversion rate of diketonitrile metabolite to benzoic acid. 
However, our results indicate that both the com hybrids are equally tolerant to 
isoxaflutole. 
Introduction 
Current weed niana2enient options 
Com is one of the most important crops in the United States and contributes a 
large share of the income to agriculture. Wide row spacing, low plant density and slow 
initial crop growth makes it vulnerable to weed infestation. Being a member of Gramineae 
family, com faces the greatest competition from monocotyledonous weeds (Young et al 
1983). Successful com production relies heavily on proper weed management. It is 
estimated that competition from weeds may cause 30 to 90% com yield loss depending on 
the duration of weed interference, weed species, density, and environment (Hall et al. 
1992). 
Soil applied herbicides have been a major tool for weed control in com and 
soybean [Glycine max (L.) Merr.] cropping systems for past several decades. Currently, 
there are many recommended com herbicides with different modes of action. For the last 
few decades, triazines have provided a cost effective weed control in com resulting in its 
extensive use in U.S. agriculture. Repeated applications of high dosages of these 
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herbicides ov’er the years have not onl>’ resuhed in adv erse environmental impaas, but also 
in the development of triazine resistance weeds. 
Other herbicides such as 2,4-D [(2,4-dichlorophenoxy)acetic acid], dicamba (3,6- 
dichloro-^anisic add), bromox)!!^ (3,5-dibromo-4-hydrox>'benzonitrile) and bentazon [3- 
(l-methyiethyi)-lH-2,l,3-bezothiadiazin-4{3H)-one2,2 dioxide] are used for broadleaf 
weed control in com Bromoxynil and bentazon do not provide consistent and adequate 
control to sevCTal important broadleaf weeds (Knake et al. 1990). For postemergence 
control of weeds in com, sulfon>1ureas and other acetolactate synthase (ALS) inhibiting 
herbiddes (imidazolinones, triazolopyrimidine sulfonanilides and pyrimidinyl 
thiobenzoates) have ofif^ed an attractive weed control option for many key weeds in com. 
Characteristics of isoiaflutole 
Isoxaflutole (5- cyclopropyl -4-(2-methyisulphonyl-4-trifluromethylbenzo>1) 
isoxazole ) is a member of isoxazole femil>' (Cain et al., 1993). It is a s>'stemic, 
preemergence herbidde with a wide spectrum weed control (Luscombe et al, 1995). 
Isoxaflutole is characterized by low use rate, dgh LD50 value, a short soil half life, low 
mammalian toxidty and relatively low water sohibilrtj'. 
Spectrum of weed control with isoxaflutole 
At low dosages, it sdectively controls broadleaf and grass weeds in com 
(Luscombe et al. 1995; Bhowmik et al. 1996a) and sugarcane (Luscombe et al. 1995). It 
controls broadleaf weeds such as velvetleaf theophrasti Medicus), redroot 
pigweed {Amaranthus retroflexus L.), common ragweed {Ambrosia artemtsiifoha L.), 
common lambsquarters {Chenopodiwn album L.). Pennsylvania smartweed {Polygonum 
pensyhamcum L.), black nightsade {Solanum nigrum L.) (Bhowmik et al. 1996 a and b. 
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and Sprague, 1997). It also controls grass weeds such as large crabgrass [Digitaria 
sanguinalis (L.) Scop.], barnyard grass [Echinochloa crus-galli (L.) Beauv.], fall panicum 
(Panicum dichotomiflorum Michx.), giant foxtail {Setaria faberi Herrm.), green foxtail 
[Setaria viridis (L). Beauv.], yellow foxtail [Setaria lutescens (Weigel) Hubb.] (Bhowmik 
et al. 1996a and 1999; Stachecki et al. 1997). The various weed species differed in their 
response to isoxaflutole rates (Bhowmik et al 1999, Pallet! et al 1998, Sprague et al 
1997). 
Mode of action 
Isoxaflutole is a systemic preemergence herbicide. In plant, it rapidly converts to a 
diketonitrile derivative, [2-cyano-3-cyclopropyl-l-(2-methylsulphonyl-4-trifluoromethyl 
phenyl) propan-1, 3-dione] by opening of the isoxazole ring (Luscombe et al 1995). 
Diketonitrile derivative is the principal active compound and is a competitive inhibitor of 
/7-hydroxyphenyl pyruvate dioxygenase, found in the thylakoid membrane an enzyme 
responsible for oxidative decorboxilation of 4- hydroxy phenylpyruvate to 2, 5-dihydroxy 
phenylacetic acid (homogentisate) in plants (Pallet! et al 1998). The conversion of 4 
hydrophenyl pyruvic acid into dihydroxy phyenylacetic acid formally requires two 
oxidation steps, a hydroxylation reaction at the ring and an oxidative decarboxylation 
(Loflfelhardt and kindl, 1979). Lee et al. (1997) reported that diketonitrile, a triketone, 
binds to the same part of the active site of the enzyme as the substrate/?- 
hydroxyphenylpyruvate. Lack of carotenoid synthesis causes bleaching in newly developed 
tissues of susceptible species followed by growth suspension and necrosis. 
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Similar bleaching symptoms are produced by various other carotenoid biosynthesis 
inhibitors such as norflurazon [4-chloro-5-(methylamino)-2-(3-(trifluoromethyl)phenyl)- 
% 
3(2//)-pyridazinone], fluridone [ 1 -methyl-3-phenyl-5-[3-(trifluoromethyl)phenyl]-4(\H)- 
pyridinone], and flurochloridone [l-(m-trifluoromethylphenyl)-3-chloro-4-chloromethyl-2- 
pyrrolidone]. These herbicide work via inhibition of phytoene desaturase enzyme involved 
in conversion of the colorless carotenoid precursor, phytoene into colored carotenoids 
(Sandman and Boger 1989). 
Absorption 
Differential response of a herbicide to various plant species has been an important 
subject for research. The factors determining the selectivity of these responses include the 
extent to which the applied herbicide is absorbed by the plant, the ease of its movement in 
the plant, and stability of the parent compound in the plant. In order to enter the symplast, 
foliar applied herbicides have to traverse the cuticle and epidermal walls or the walls of 
stomatal chambers. Whereas, the root applied herbicides have to move through root hairs 
to reach xylem and its components. Both passive and active root absorption occurs, but 
most herbicide absorption is passive with water movement in the xylem. 
Absorption of herbicides has been correlated to time (Mahonney and Penner 
1975), growth stage and plant parts that are involved in the absorption process (Nandihalli 
and Bhowmik 1989 and 1991). Vanstone and Stobbe (1979) reported that herbicidal 
activity of foliar-applied oxyfluorfen [2-chloro-l-(3-ethoxy-4-nitrophenoxy)-4- 
(trifluoromethyl)benzene] in buckwheat (Fagopyrum esculentum Moench.) was dependent 
on light. Buckwheat was not injured when placed in dark up to four days after the 
herbicide treatment. On the other hand, when these plants were exposed to the light. 
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injury occurred, albeit more slowly than when plants were placed in light immediately after 
the treatment. Buckwheat injury due to oxyfluorfen increased as light intensity increased. 
Translocation 
Translocation of herbicides in the plant is another important factor that may 
determine species selectivity. How quickly and how much a parent herbicide molecule is 
translocated to sites of action is the determining factor for selectivity. Strang and Rogers 
(1974) examined the absorption and translocation of norflurazon in tolerant cotton 
{Gossypium hirsutum L.), and susceptible soybean {Glycine max (L.) Merr.) and com. 
They found less amount of ^'^C-norflurazon translocated fi-om root to shoots in cotton than 
in soybeans and com. In contrast, Berard et al (1978) reported that fluridone was 
translocated readily from roots to shoots in com, soybean and rice {Oryza sativa L.). 
Metabolism 
Differential metabolism of herbicides by susceptible and tolerant plant species plays 
a significant role in plant selectivity. Some of the important processes for herbicidal 
metabolism include aryl hydroxilation, alkyl hydroxilation and glutathione conjugation. 
Main et al. (1975) found a 200-fold selectivity margin for bentazon [3-(l- 
methylethyl)- (lH)-2,l,3-benzothiadiazin -4(3H)-one2,2-dioxide] between rice and 
Cyperus serotinus. This selectivity was attributed to rapid conversion of bentazon to 6- 
hydroxy bentazon followed by glucose conjugation in rice. 
The formation of a metabolite via aryl hydroxylation was found to be the basis for 
selectivity for diclofop-methyl [methyl (RS)-2-[4-(2,4-dichlorophenoxy) phenoxy] 
propionate] between tolerant cereals and susceptible grass weeds. The ester formulation 
of diclofop-methyl was first hydrolyzed to phjlotoxic diclofop acid followed by 
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inactivation due to hydroxylation of dichlorophenyl ring and subsequent glycosidation in 
tolerant cereals (Gorbach et al 1977). In contrast, diclofop-methyl is converted to neutral 
glycosyl ester in susceptible oat {Avena sativa L.) and wild oat (A.fatua L.) 
(Shimabukuro ei al. 1979), and Echinochloa crus-galli (Boldt and Putnam 1981). 
Glutathione conjugation process is an important step in plant selectivity. 
Glutathione iS-transferase is the key enzyme that is involved in glutathione conjugation 
mechanism of atrazine detoxification in tolerant species such as sorghum (Lamoureux et 
al 1973). Whereas, atrazine tolerance character of com is the function of glutathione 
conjugation, C-2 chlorine hydrolysis and A^-dealkylation. However, low glutathione S- 
transferase activity causes atrazine susceptibility in corn-line GTl 12 (Shimabukuro et al. 
1971). 
Isoxaflutole selectively controls both grass and broadleaf weeds in com (Bhowmik 
et al 1996b and 1999, and Vrabel et al. 1996). Limited information on the response of 
various com hybrids is available. Therefore, the objective of the present investigation was 
to determine the physiological basis of isoxaflutole selectivity in relation to its absorption, 
translocation and metabolism by two com hybrids. 
Materials and Methods 
Seeds of‘Pioneer-3751’ (P-3751) and ‘Pioneer 3394’ (P-3394) were planted in 
vermiculite in plastic fiats in a growth chamber (26 C, 15 h photoperiod, irradiance 650 
pmol m'^s’^ photosynthetic photon flux). The source of light was white fluorescent bulb 
and the relative humidity was 31 ± 5 %. Seedlings were watered with half-strength 
Hoagland’s solution as needed to maintain normal plant growth. Uniform seedlings having 
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the same growth stage were lifted and transferred to 20-ml bottles (covered with 
aluminum foil) containing half-strength Hoagland’s solution. Plants were allowed to grow 
until 1.5 (2“* leaf initiation) leaf stage. 
Phenyl ring labeled ^'‘C-isoxaflutole (specific activity of 1891 kBq mg*\ 95% 
purity) was used. A 0.5 ppm (26 kBq) was prepared by adding the required quantity of 
technical grade isoxaflutole (99% purity). Treatments were applied mixed with half¬ 
strength Hoagland’s solution contained in a 20-ml bottle. All seedlings were supported 
with a sponge in each container. 
Absorption and translocation 
Plants were exposed to 0.5 ppm ^'^C-isoxaflutole for 0, 3, 6, 12, 24, 48, 72, 96, and 
120 h. After each time exposure, seedlings were removed and roots were washed 
thoroughly with distilled deionized water. Seedlings were then sectioned into 1®^ leaf, 2"^’ 
leaf, 3”* leaf (if present), stalk and roots. Fresh weight of all sections were recorded and 
stored at -20 C for the further study. The radioactivity in the samples was estimated by 
liquid scintillation spectroscopy (LSS) (Beckman LS 1018) after oxidizing in biological 
oxidizer (Harvey Instrument Co. model OX 400) and trapping the ^"*002 in Carbon-14 
cocktail (Harvey Instrument Co.). Radioactivity was expressed as dpm mg‘^ plant fresh 
weight. Herbicide absorption was reported as total radioactivity recovered from all plant 
sections (cotyledons, 1** leaf, 2"** leaf, stem and roots) divided by total plant weight. 
Herbicide translocation was considered to be the radioactivity recovered from shoots 
divided by the total radioactivity absorbed and data are presented as a percent of total 
absorbed radioactivity. All LSS measurements were adjusted for quenching. 
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Metabolism 
Com seeds were grown and treated with ^"^C-isoxaflutole in the same manner as in 
the case of the absorption study, except that plants were sampled at 72 and 168 HAT 
only. The extraction procedure for metabolites was similar to the method used by Pallett et 
al (1998). Shoots were homogenized in 100% acetone using a biohomogenizer (Biospec 
prodects) and vacuum filtered. The extracts were concentrated to small volume using an 
air stream and centrifuged (2000g for 15 min). The extract was then filtered using P5 filter 
paper (Fisher Scientific) and radioactivity in the residue was quantified by combustion 
followed by LSS. This procedure recovered 90% of the radioactivity fi-om shoot extracts. 
The pH of the supernatant was adjusted to less than or equal to 3.0 and partitioning with 
ethyl acetate was done (1:1, ethyl acetate: acetone). The resulting hydrous portions, if any, 
containing low levels of radioactivity, were discarded. Ethyl acetate fi'actions were dried 
using gentle air stream and redissolved in 100 pi. An aliquot of 80 pi was spotted on the 
1000 pm silica gel pre-adsorbent thin layer chromatography (TLC) plates (Whatman Inc.). 
Spots were eluted using ethyl acetate:methanol:acetic acid (92:5:3) solvent system. The 
TLC plate was divided into sections of 0.25 cm size bands. Each band was scraped, 
collected and combusted separately. ^"^002 was trapped in Carbon-14 cocktail. 
Radioactivity was quantified by the LSS. 
All experiments were conducted in randomized block design with at least four 
replications of each treatment and was repeated. Data were analyzed by combined analysis 
of variance (ANOVA) technique (95% significant levels). Appropriate mean separation 
technique was applied to compare means. 
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Results and Discussion 
Absorption of ^'*C-isoxaflutole 
*'*C-isoxaflutole absorption increased over time. At 3 HAT, the absorption in ‘P- 
3394’ was 16.2 dpm mg*^ total plant fresh tissue (Figure 4.1). Absorption of applied 
isoxaflutole reached its peak (77 dpm mg*^ fresh weight) 96 HAT. In the case of‘P-3751’, 
absorption was 16.6 dpm mg’^ fresh weight at 3 HAT and maximum amount of 
radioactivity was found (69.4 dpm mg'^ fresh weight) 48 HAT (Figure 4.2). Sprague et al 
(1999) reported no difference in the absorption of root applied ^'^C-isoxaflutole in these 
two com hybrids. 
In the shoot, the ^"^C-isoxaflutole was 1.5 and 2.4 dpm mg*^ fresh tissue in ‘P- 
3394’ and ‘P-3751’, respectively. In the root both com hybrids recorded maximum (20 
and 21 dpm mg'^ fresh weight in ‘P-3394’ and ‘P-3751’, respectively) *'*C-isoxaflutole 6 
HAT. 
Translocation of ^‘*C-isoxaflutole 
The translocation of root applied ^'‘C-isoxaflutole was 9.5 and 12.3%, 3 HAT, and 
53 and 47% 24 HAT in ‘P-3394’ and ‘P-3751’ respectively. Maximum translocation was 
found to be 78 and 75% 96 HAT in ‘P-3394’ and ‘P-3751’, respectively. Similarly 
Sprague et al (1999) reported 73 and 71% of translocation 24 HAT in P-3394 and P- 
3751’ respectively which was increased to 81 and 77% 72 HAT, respectively. 
Distribution ^"^C-isoxaflutole 
The radioactivity increased throughout the plant over a period of time. In the case 
of‘P-3394’ com, radioactivity reached the maximum of 48.5 dpm mg’^ fresh weight 48 
HAT. At 12 HAT, radioactivity reached the maximum of 5.6, 4.3, 0.4 and 4.4 dpm mg ^ 
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fresh tissue in first, second, third leaves and stalk, respectively. Radioactivity reached to 
18.5, 23.8, 17.9 and 7.4 dpm mg*^ fresh tissue at 48, 96, 120 and 48 HAT in first, second, 
third leaf and stalk, respectively. 
In ‘P-375 r, the trend for ^'^C-isoxaflutole distribution was similar to ‘P-3394’ com 
hybrid. At 12 HAT, the radioactivity reached to 6.3, 4.4, 0.5 and 4.2 dpm mg‘^ fresh 
weight, while maximum amount of radioactivity (16.8, 22.9, 17.9 and 13.8 dpm mg'^ fresh 
weight) was detected 48, 96, 120, and 48 HAT in first, second, third leaves and stalk, 
respectively. 
Younger leaf had more accumulation of At 120 HAT, mature (first leaf) and 
young leaves (second + third leaf) had 22.49 and 52.56 % ^'^C-isoxaflutole respectively in 
the case of P-3394. Whereas, ‘P-3751’ had 17.25 and 53.8 % ^"^C-isoxaflutole over same 
period of time. Pallett et al 1998 reported that in com 240 HAT diketonitrile content, an 
active metabolite of isoxaflutole, was 8 and 13% in mature and young leaves respectively. 
Metabolism of ^"^C-isoxaflutole 
Com plants were harvested 72 and 168 HAT. After 72 h of herbicide treatment a 
set of plants was transferred to herbicide free solution for an additional four days. The 
total radioactivity was identified as isoxaflutole (Rf = 0.91), diketonitrile metabolite (Rf= 
0.62), and benzoic acid (Rf = 0.29). In both ‘P-3751’ and ‘P-3394’ there was less than 
10% of isoxaflutole remaining at both time intervals (Table 4.1). Similar results have been 
reported by Sprague et al (1999) who found less than 10% isoxaflutole remaining 72 and 
168 HAT on the basis of 8 h pulse treatment. Conversion of isoxaflutole to diketonitrile 
might have taken place either in the plant immediately after absorption (Pallett et al 1998) 
or in the hydroponic solution (Sprague et al, 1999). At both time intervals, the maximum 
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radioactivity was accumulated in the form of diketonitrile derivative (74 and 49% in ‘P- 
3751’, and 74 and 55% in ‘P-3394’ 72 HAT and 168 HAT, respectively). Benzoic acid 
metabolite was 14.65 and 36.5% in ‘P-3751’ and 14 and 35% in ‘P-3394’ 72 HAT and 
168 HAT, respectively. Sprague et al (1999) reported active herbicide (isoxaflutole and 
diketonitrile derivative) to range between 51 to 71% (72 HAT) and 37 to 42% (168 HAT) 
in four com hybrids. Similarly, Pallet! et al (1998) reported 77 and 57% diketonitrile 
derivative and 12 and 31% benzoic acid 24 and 168 HAT, respectively, in moderately 
susceptible Ipomoea spp. In both the com hybrids the benzoic acid content were same 
over the time (25.57% and 24.57% in P-3751 and P-3394 respectively) suggesting that 
both the com hybrids were equally tolerant to isoxaflutole (Table 4.2). 
Susceptibility or tolerance of a plant species depends on the metabolism of parent 
herbicide to nontoxic form. The decrease of diketonitrile metabolite and an increase in the 
benzoic acid derivative content reflect the detoxification of isoxaflutole as the time 
progresses. Therefore, com becomes a tolerant species. 
63 
T
ab
le
 4
.1
: 
M
et
ab
o
li
sm
 o
f'
"'
C
-i
so
x
af
lu
to
le
 i
n 
‘P
io
n
ee
r 
3
7
5
r(
P
-3
7
5
1
) 
an
d 
‘P
io
n
ee
r 
33
94
’ 
(P
-3
3
9
4
) 
co
m
 h
y
b
ri
d
s.
 
Is
o
x
af
lu
to
le
 w
as
 r
o
o
t 
ap
p
li
ed
 t
h
ro
u
g
h
 h
al
f-
st
re
n
g
th
 H
o
ag
la
n
d
’s
 s
ol
ut
io
n.
 A
ft
er
 h
er
b
ic
id
e 
tr
ea
tm
en
t 
o
f 
72
 h
 p
la
n
ts
 w
er
e 
a 
C/3 
C/3 VO O 
vd 
VO 
VO 
CO 
:z: 
oo 
VO 
a> 
’3 • ^ 
i-> 
C 
*T3 a> 
c 
*S 
"3 
S 
> 
o eO 
O 
o 
«4-l 
o 
c a> o Ui 0) 
CLh 
ON 
m I 
Cl, 
£ 
Q 
c/3 
XS 
00 CN| cs 
VO 
r' 
fo 1 
VO 00 On vd 
Cl, 
CO a> 
1^ 
a> 
00 
VO 
<s 
r- 
00 ^ ro vr> (S ‘O 
tT 
VO 
S 
2 
[C fO CO 
<N o^ 
x: 
<s 
•o 
fO VO VO r^ 
vd rd 
(S ON 
ON VO 
o' o' o' 
"o ’o 
•S -S 5 B o o 
B B 
(U ^ 
O B ei 
^ O o 
5 4) N 
5 k> C crt 
O ns 0^ « 
42 Q OQ 
64 
T
ab
le
 4
.2
: 
M
et
ab
o
li
sm
 o
f 
^"
^C
-i
so
xa
fl
ut
ol
e 
in
 v
el
v
et
le
af
, 
y
el
lo
w
 f
o
x
ta
il
, 
an
d
 i
n
 t
w
o
 c
o
m
 h
y
b
ri
d
s 
‘P
io
n
ee
r 
3
7
5
r(
P
-3
7
5
1
) 
an
d
 ‘
P
io
n
ee
r 
0) 
*2 u 
c'J .S 
o s 
€ ^ o V 
g ^ 
tS ^ 
*2 o 
:§•§ 
•£ S 
4> J= 
00 
VO 
O ei 
Vi VO 
52 "S 
C 
Op O 
o •— 
r; cO 
C <2 
2 c 
tS .2 
JtJ 3 cS 
x: o Vi 
=* 3 o S ^ eO 
•S *3) 
O O M 
33 HH 
^Xi 
<4-* C 
O « 
2 >1=^ fc- Vi 
O o 
O « 
3 ^ 
G 
« 3 X ‘O 
M 3 
HH Ui 
. v 
Vi 
o 
o 
*-4J 
Vi 
t-l 
e 
tT 
On 
fO ^ I 
C 4) 
i m C *3 
C 00 
^ NO 
2 + c r4 
•4-» 
[> 
*3 
o eO 
3 eO 
3 •♦-* 
O •♦-» 
(4-1 
o 
•4.J 
c V 
2 o 
Oh 
R
es
i 
< PQ Q U NO 
o ON NO »o 
1 o »o cs NO O 
NO 1—" 1—<" 
O 
eO 
O 
‘o 
o 
ffi 
ON 
<s 
o 
< 
o 
^■t-» 
'o 
s s 
o 
• W"4 
3 
o 
B 
JO 
*£ 
c 
o o 
■4-> S.^ 0) 
5 
0) 
3 
?3 cr 
ON X 
Vi 
o 
IS 
cd 
O 
2 
CO 
O 
o o 
Cl 
Vi 
C 
ed 
K 
u PQ < < 
00 ON 
00 O »n «o 
<S m' c4 <s <S cs 
< PQ U Q cs o o o ON o NO »n o' 
c4 00* ro <s 
< U U PQ 
fo »o »-H >—' cs 
00 o vi 
NO so NO NO 
^ ffl < 
^ cn f 
(Si Tj- r. 
(4-1 
A 
.2 
■4-* a> 
'aS 
> 
X 
(2 
3 
.-H rr 
»rN On .fi 
Q 
^ ^ S 
Pl Cl hJ 
65 
c 
0 
(O 
2 
Q. 
0 
(146|0M 4884 |Bj6; j^.6uj Ludp) 9|ojnijBXOsj-o^^ 
66 
F
ig
ur
e 
4.
1.
 A
bs
or
pt
io
n 
of
 r
oo
t 
ap
pl
ie
d 
^"
^C
-i
so
xa
fl
ut
ol
e 
ov
er
 ti
m
e 
in
 c
or
n 
hy
br
id
 'P
io
n
ee
r 
33
94
'. 
V
er
ti
ca
l 
b
ar
s 
st
an
da
rd
 e
rr
or
 o
f 
m
ea
n 
(n
 =
 4
) 
an
d 
th
ey
 a
re
 n
ot
 v
is
ib
le
 w
he
n 
sm
al
le
r 
th
an
 t
he
 s
ym
bo
l 
si
ze
. 
(U^.0M qsa4 ^.6uj mdp) afoyii^xos.hQ^^ F
ig
ur
e 
4.
2.
 A
bs
or
pt
io
n 
of
 r
oo
t 
ap
pl
ie
d 
^X
-i
so
xa
fl
ut
ol
e 
in
 c
or
n 
hy
br
id
 'P
io
ne
er
 3
75
1'
. 
V
er
ti
ca
l 
b
ar
s 
re
p
re
se
n
t 
st
an
da
rd
 e
rr
or
 o
f 
m
ea
n
 (
n 
= 
4)
 a
nd
 t
he
y 
ar
e 
no
t 
vi
si
bl
e 
w
he
n 
sm
al
le
r 
th
an
 t
h
e 
sy
m
bo
l 
si
ze
. 
o 
CM 
O 
O 
O 
00 
O 
CO 
c 
0 
E 
on 
o 
0 
0 
0 
E 
o 
o 
CN 
- O 
(peqjosqe \B\o\p %) eiojnuBxoshO^^ 
68 
F
ig
ur
e 
4.
3.
 T
ra
ns
lo
ca
ti
on
 o
f 
ro
ot
 a
pp
li
ed
 ^
"^
C
-i
so
xa
fl
ut
ol
e 
o
v
er
ti
m
e 
in
 c
or
n 
hy
br
id
 'P
io
n
ee
r 
33
94
'. 
V
er
ti
ca
l 
b
ar
s 
re
p
re
se
n
t 
st
an
d
ar
d
 e
rr
or
 o
f 
m
ea
n
 (
n 
= 
4)
 a
nd
 t
he
y 
ar
e 
no
t 
vi
si
bl
e 
w
he
n 
sm
al
le
r 
th
an
 t
h
e 
sy
m
bo
l 
si
ze
. 
r 
o 
o 
T“ 
O 
GO 
“T 
O 
CO 
o 
I 
o 
CM 
(peqjosqe lepuo %) ©lo^ni^exoshOt^^ 
o 
69 
F
ig
ur
e 
4.
4.
 T
ra
ns
lo
ca
ti
on
 o
f 
ro
ot
 a
pp
li
ed
 ^
"^
C
-i
so
xa
fl
ut
ol
e 
in
 c
or
n 
hy
br
id
 ’
P
io
ne
er
 3
75
T
. 
V
er
ti
ca
l 
b
ar
s 
re
p
re
se
n
t 
st
an
da
rd
 e
rr
or
 o
f 
m
ea
n 
(n
 =
 4
) 
an
d 
th
ey
 a
re
 n
ot
 v
is
ib
le
 w
he
n 
sm
al
le
r 
th
an
 t
he
 s
ym
bo
l 
si
ze
. 
o 
CO 
1-r 
ir> o 
CM CM 
“T 
lO 
T “T 
ID O 
(W&SM gssJiiUBid iBjoi^.Sui uudp) 8|oiniiBxos!-0n 
70 
F
ig
ur
e 
4.
5.
 D
is
tr
ib
ut
io
n 
of
 r
oo
t 
ap
pl
ie
d 
^"
^C
-i
so
xa
fl
ut
ol
e 
ov
er
 ti
m
e 
in
 d
if
fe
re
nt
 a
bo
ve
 g
ro
un
d 
po
rt
io
n 
of
 c
or
n 
hy
br
id
 'P
io
n
ee
r 
33
94
' 
V
er
ti
ca
l 
b
ar
s 
re
p
re
se
n
t 
st
an
d
ar
d
 e
rr
or
 o
f 
m
ea
n
 (
n 
= 
4)
 a
nd
 t
he
y 
ar
e 
no
t 
vi
si
bl
e 
w
he
n 
sm
al
le
r 
th
an
 t
he
 s
ym
bo
l 
si
ze
. 
“T" 
O o 
CO 
o 
CNJ 
(iLi6!0M L1S0J1 ^ 6UJ UJdp) 0|Ojn|;BXOS!-O|,i 
S .= N 
i “ 
> 2 
K I. 
r>«» (o 
CO 
(D 
0 
c 
o 
0 
c 
0 
x: 
■o M 
^ I 
cr C 
0 
JC 
S2 
■> 
o 
o 
o 
c 
g 
tr 
o 
Q. O 
C 0 
T i— 
O ^ 
^ © 
0 ^ 
> 
o 
jQ 
•o 
c 
0 0 
® II 
o 
D 
C 
c 
0 0 
X 
o 0 
' I 
o 
0 
E 
o 
u. 
o 
■n s © 
= TJ 
§: 0 
0 
iS 
O U) 
C V) 
O 0 
.-9 2 
iz 0 
■/^ 0 O ^ 
CD 
0 
k- 
Z3 
u> 
71 
Literature cited 
Berard, D. F., D. P. Rainey, and C. C. Lin. 1978. Absorption, translocation, and 
metabolism of fluridone in selected crop species. Weed Sci. 26:252-254. 
Bhowmik, P. C., S. Kushwaha, and S. Mitra. 1999. Response of various weed species and 
com {Zea mays) to RPA 201772. Weed Technol. 13:504-509. 
Bhowmik, P. C., R. G. Prostak, and S. Kushwaha. 1996a. Preemergence activity of EXP 
31130A in annual weed control in com. Proc. Northeast. Weed Sci. Soc. 50:150. 
Bhowmik, P. C., T. E. Vrabel, R. Prostak, and J. Cartier. 1996b. Activity of RPA 201772 
in controlling weed species in field com. Proc. Second International Weed Control 
Congress, Copenhagean. Pp 807-812. 
Boldt, P. F. and A. R. Putnam. 1981. Selectivity mechanisms for foliar applications of 
diclofop- methyl, n. Metabolism. Weed Sci. 29:237-41. 
Cain P A, S. M. Cramp, G. M. Little, and B. M. Luscombe. 1993. EP Patent 0527036. 
Gorbach, S. G., K. Kuenzler, and J. Asshauer. 1977. On the metabolism of Hoe 23408 
OH in wheat. J. Agric. Food Chem. 25:507-511. 
Hall, M. R., C. J. Swanton, and G. W. Anderson. 1992. The critical period of weed 
control in grain com {Zea mc^s). Weed Sci. 40:441-447. 
Knake, E.L., R. W. Heisner, and L. E. Paul. 1990. Evolution of DXP-V9360 in 
combination with bromoxynil for broad spectmm weed control in com. North 
Cent. Weed Sci. Soc. Res. Rep. 47:316-317. 
Lamoureux, G. L., L. E. Stafford, R. H. Shimabukuro, and R. G. Zaylskie. 1973. Atrazine 
metabolism in sorghum: catabolism of the glutathione conjugate of atrazine. J. 
Agric. Food Chem. 21:1020-1030. 
Lee, D. L., M. P. Prisbylla, T. H. Cromartie, D. P. Dagarin, S. W. Howard, W. M. 
Provan, M. K. ElUs, T. Fraser, and L. C. Mutter. 1997. The discovery and 
stmctural requirements of inhibitors ofp-hydroxyphenylpyruvate dioxygenase. 
Weed Sci. 45:601-609. 
Lofifelhardt W. and H. Kindi 1979. Conversion of 4-Hydroxyphenyl pyruvic acid into 
homogentisic acid at the thylakoid membrane of Lemna gibba. FEBS Letters 
104(2):332-334. 
72 
Luscombe, B. M., K. E. Pallet, P. Loubiere, J. C. Millet, J. Melgraejo, and T. E. Vrabel. 
1995. RPA 201772: A novel herbicide for broadleaf and grass weed control in 
maize and sugarcane. Proceedings 1995 Brighton Crop Prot. Conf -Weeds. 1:35- 
42. 
Mahoney, M. D. and D. Penner. 1975. Bentazon translocation and metabolism in soybean 
and navy bean. Weed Sci. 23:265-271. 
Main, A., M. Miyakado, and S. Matsunaka, 1975. The Mechanism of bentazon 
selectivity. Pestic. Biochem. Physiol.. 5: 566-574. 
Nandihalli, U. B. and P. C. Bhowmik. 1989. Chlorimuron absorption by excised velvetleaf 
{Abutilon theophrasti) roots. Weed Sci. 37:29-33. 
Nandihalli, U. B. and P. C. Bhowmik. 1991. Uptake and efflux of chlorimuron ethyl by 
excised soybean {Glycine max (L.) Merr.) roots tissue. Weed Sci. 31:29-33. 
Pallett, K. E., J. P. Little, M. Sheekey, and P. Veerasekaran. 1998. The mode of action of 
isoxaflutole. I. Physiological effects, metabolism, and selectivity. Pestic. Biochem. 
Physiol. 62:113-124. 
Sandmann, G., P. Boger.1989. Inhibition of carotenoid biosynthesis by herbicides, in 
“Target Sites of Herbicide Action” (P. Boger and G. Sandmann eds.), CRC Press, 
Boca Raton, FL, USA. 25. 
Shimabukuro, R. H., D. S. Frear, H. R. Swanson, and W. C. Walse. 1971. Glutathione 
conjugation: An enzymic basis for atrazine resistance com. Plant Physiol.. 47:10- 
14. 
Shimabukuro, R. H., W. C. Walse, and R. A. Hoerauf 1979. Metabolism and selectivity 
of diclofop-methyl in wild oat and wheat. J. Agric. Food Chem. 27:615-623. 
Sprague, Christy L., James J. Kells and D. Penner. 1997. Effect of application timing on 
com tolerance and weed control with isoxaflutole. Proc. Weed Sci. Soc. Am. 
37:13. 
Sprague, Christy L., D. Penner, and James J. Kells. 1999. Physiological basis for tolerance 
of four Zea mays hybrids to RPA 201772. Weed Sci. 47:631-635. 
Stachecki, J. R., T. E. Vrabel, and C. B. Williams. 1997. 1996 EUP results for 
Isoxaflutole in com. Proc. Northeast. Weed Sci. Soc. 51:52. 
Strang, R. H. and R. L. Rogers. 1974. Behavior and fate of two phenylpyridazinone 
herbicides in cotton, com, and soybean. J. Agric. Food Chem. 22.1119-1125. 
73 
Vanstone, D. E. and E. H. Stobe. 1979. Light requirement of the Diphenylether herbicide 
Oxyfluorfen. Weed Sci. 27:88-91. 
Vrabel, T. E., J. P. Cartier, W. G. Striegel, and W. Duckworth. 1996. EXP 31130A: A 
new preemergence herbicide for no-tillage com. Proc. Northeast. Weed Sci. Soc. 
50:154. 
Young, F. L., B. L. Wyse, and R. J. Jones. 1983. Quackgrass (Agropyron repens) 
interference on com (ZeaMays). Weed Sci. 32:226-234. 
74 
CHAPTER-V 
SUMMARY 
Experiments were conducted to study the extent of absorption, translocation and 
metabolism of isoxaflutole [5-cyclopropyl-4-(2-methylsulphonyl-4-trifluromethyl 
benzoyl)isoxazole] in order to explain the differential response of velvetleaf (Abutilon 
theophrasti Medicus), yellow foxtail {Setaria lutescens (Weigel) Hubb.), and two com 
{Zea mays L.) hybrids. Ring labeled ^'*C-isoxaflutole was applied to half-strength 
Hoagland’s solution. Seedlings were harvested 3, 6, 12, 24, 48, 72, 96 and 120 hours after 
treatment (HAT). Plants were cut into root, shoot/stalk and leaves. Weights of all plant 
parts were recorded. Each plant parts were combusted separately in a biological oxidizer 
(Harvey Instmment Co. model OX 400). ^'‘Carbondioxide was trapped in Carbon-14 
cocktail (Harvey Instrument Co.). Radioactivity in the sample was estimated by liquid 
scientilation spectroscopy (LSS). Radioactivity was expressed as disintegration per minute 
(dpm) mg'^ fi'esh weight. Metabolite components were identified by thin layer 
chromatography (TLC). TLC was performed using ethyl acetate: methanol: acetic acid 
(92:5:3) solvent system. The TLC plate was divided into sections of 0.25 cm size bands. 
Each band was scraped and combusted separately. ^"^Carbondioxide was trapped in 
Carbon-14 cocktail. Radioactivity was quantified by the LSS. 
In velvetleaf, radioactivity increased in all plant parts until 120 HAT. Absorption 
of root applied radioactivity was 135.6 dpm mg’^ fi’esh weight 120 HAT. In root, total 
radioactivity was 21.1 dpm mg'^ fi’esh weight 96 HAT. When C-isoxaflutole was 
absorbed by the root from Hoagland’s solution, translocation to shoots was 83.6^ 120 
75 
HAT. Thin layer chromatography of shoot extract revealed significant metabolism of 
isoxaflutole. Based on Rf values, applied radioactivity was partitioned into isoxaflutole, 
diketonitrile metabolite, unknown metabolite ‘A’ and benzoic acid. The distribution was of 
the order of 3.4, 71.5, 12.1 and 8.7% at 72 h, and 1.4, 64.8, 12.1 and 17.0% 168 HAT, 
respectively. 
Radioactivity, when applied to the yellow foxtail root, was 229.6 dpm mg’^ fresh 
weight (in whole plant) 96 HAT. In root, radioactivity was 14.5 dpm mg’^ fi-esh weight 12 
HAT. Translocation of ^'^C-isoxaflutole fi-om root to shoot reached the maximum 72 HAT 
(93%). Absorption of foliar applied ^'^C-isoxafiutole was maximum 24 HAT. Leaves below 
the treated leaf had maximum radioactivity 12 HAT (13.0%). Radioactivity in leaves 
above the treated leaf reached the maximum 48 HAT (6.4%). Kghest radioactivity was 
found in yellow foxtail root 12 HAT (0.35 dpm mg’^ fi'esh weight). Translocation of foliar 
applied ^'^C-isoxaflutole fi-om the treated leaf to other plant parts reached its peak (33.4%) 
48 HAT. The root absorbed isoxaflutole was metabolized to diketonitrile metabolite, 
unknown metabolite ‘A’ and benzoic acid, and the distribution was in the order of 4.6 
(isoxaflutole), 64.5, 7.3 and 17.9% (72 HAT) and 4.1 (isoxaflutole), 55.8, 9.5 and 24.2% 
(168 HAT), respeaively. 
In the study with com hybrids, total plant radioactivity was 69.4 (48 HAT) and 
77.3 (96 HAT) dpm mg'^ fi'esh weight in ‘Pioneer-3751’ (‘P-3751’) and in ‘Pioneer 3394’ 
(‘P-3394’), respectively. In root, radioactivity was 21.2 (‘P-375r) and 20.2 (‘P-3394’) 
dpm mg'^ fi-esh weight 6 HAT. Translocation of radioactivity fi-om root to shoot was 
maximum 96 HAT for both the hybrids (75.3 and 78.3% in P-3751 and P-3394 
respectively). Root absorbed isoxaflutole was metabolized into diketonitrile metabolite 
76 
and benzoic acid. The distribution was 6.3 (isoxaflutole), 73.7 and 14.7% at 72 HAT and 
8.3 (isoxaflutole), 49.3 and 36.5% at 168 HAT, respectively in ‘P-3751’. In the case of P- 
3394 the distribution of parent compound and its metabolites were 4.28 (isoxaflutole), 
75.3 and 14.4% at 72 HAT and 4.6 (isoxaflutole), 55.2 and 34.7% at 168 HAT in ‘P- 
3394’. 
In summary, when ’'*C-isoxaflutole applied through root, absorption of 
radioactivity was faster in yellow foxtail (102.7 dpm mg'^ fresh weight in 24 h) than in 
velvetleaf (67.0 dpm mg'^ fresh weight in 24 h). The absorption of radioactivity reached 
the peak 96 HAT (235.7 dpm mg'^ fresh weight) in yellow foxtail and 120 HAT (135.6 
dpm mg’^ fresh weight) in velvetleaf Thin layer chromatography of shoot extracts revealed 
significant metabolism of root applied isoxaflutole in all plant species. Based on Rf values, 
applied radioactivity was partitioned into isoxaflutole (Rf = 0.91), diketonitrile metabolite 
(Rf = 0.62), unknown metabolite ‘A’ (Rf = 0.49) and benzoic acid (Rf = 0.29). Yellow 
foxtail had more benzoic acid content (21.08%) than the benzoic acid content (12.85%) in 
velvetleaf (Table 4.2). The active herbicide fraction (total of diketonitrile metabolite and 
unknown metabolite ‘A’) fraction was more in velvetleaf (80.2%) than in yellow foxtail 
(69.9%). The presence of high level of active herbicide components in velvetleaf may 
explain its susceptibility to isoxaflutole. 
Absorption root applied ^'’C-isoxaflutole was faster in P-3751 com hybrid (52.1 
dpm mg‘^ fresh weight in 24 h) than in P-3394 com hybrid (37.5 dpm mg ^ fresh weight 24 
h). Absorption of ^'’C-isoxaflutole reached to the peak 96 HAT in both com hybrids (77.6 
and 77.3 dpm mg*^ fresh weight in P-3751and P-3394 respectively). When ’"C-isoxaflutole 
was applied to the root, translocation to the shoot was highest in both com hybrids 96 
77 
HAT (75.3% in P-3751 and 83.2% in P-3394). Thin layer chromatography of shoot 
extracts revealed significant metabolism of root applied isoxaflutole in both com hybrids. 
Benzoic acid contents in the P-3394 and P-3751 (24.57 and 25.57% respectively) were 
similar. The active herbicide fraction (total of diketonitrile metabolite and unknown 
metabolite ‘A’) was same in both the com hybrids (63.7% and 67.8% in P-3394 and P- 
3751 respectively). The result from our experiment suggests that both com hybrids were 
equally tolerant to isoxaflutole. 
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